Shiitake mushroom [Lentinula edodes (Berk.) Pegler] has long been considered a delicacy as well as a medicinal mushroom in many Asian countries, as well as being dried and exported internationally. This study assessed the influence of shiitake mushroom on laying performance, egg quality, sensory properties, fatty acid composition and cholesterol concentration of eggs in laying hens. The dietary groups were control (basal diet), shiitake 0.25% (basal diet + 0.25% shiitake mushroom) and shiitake 0.5% (basal diet + 0.5% shiitake mushroom). Egg production was significantly increased (p<0.05) by the shiitake supplementation compared to the control, but other laying parameters were not affected (p>0.05). Haugh unit was significantly increased (p>0.05) in both shiitake groups, but a thinner egg shell was observed in the shiitake 0.25% group and thicker egg albumen in the shiitake 0.5% group compared to the control group. Dietary addition of shiitake mushroom did not induce any effect (p>0.05) on sensory evaluation of eggs. Among the fatty acid composition of egg yolk, linoleic acid as well as total n-6 and polyunsaturated fatty acid contents were increased (p<0.05), whereas palmitoleic acid and α-linolenic acid were decreased (p<0.05) in the shiitake 0.5% group. Cholesterol concentration of egg yolk was significantly decreased (p<0.05) in the shiitake 0.5% group compared to the control group. Dietary supplementation with shiitake mushroom up to 0.5% positively affects egg production, egg quality, fatty acid composition and cholesterol level reduction of eggs, and did not adversely affect sensory properties of eggs. Shiitake mushroom could be beneficial in layer diet.
INTRODUCTION
Shiitake [Lentinula edodes (Berk.) Pegler] is a traditionally renowned mushroom in Far East countries (for example, Japan, China, and Korea) that has been used as a food and medicine for thousands of years. Many compounds have been isolated and their health promotion activities demonstrated (Wasser, 1997; Hobbs, 2000) . Shiitake is one of the five most cultivated edible mushrooms in the world. Its production (2 million tons) is second only to button mushroom Agaricus bisporus (Chang, 1999; Stamets, 2000) . Grown mainly in East Asia, shiitake is now arousing market interest worldwide, because of its' exotic and well-appreciated taste, and demonstrated medicinal properties (Wasser, 2005) .
Shiitake mushrooms have excellent nutritional value. Their raw fruit bodies include 88 to 92% water, protein, lipids, carbohydrates, vitamins, and minerals. Dried shiitake mushrooms are nutrient-rich, containing 58 to 60% carbohydrates, 20 to 23% protein (digestibility of 80 to 87%), 9 to 10% fiber, 3 to 4% lipids, and 4 to 5% ash. The mushroom is a good source of vitamins, especially provitamin D2. It also contains B vitamins, and minerals include Fe, Mn, K, Ca, Mg, Cd, Cu, P, and Zn (Mizuno, 1995; Hobbs, 2000) . Shiitake is one of the best-known and best-characterized mushrooms used in medicine. It is the source of several well-studied preparations with proven pharmacological properties. In addition to glycogen-like polysaccharides, (1-4)-,(1-6)-a-D-glucans and antitumor polysaccharides, lentinan, (1-3)-,(1-6)-bbonded heteroglucans, heterogalactans, heteromannans, and xyloglucans have been identified (Wasser, 1997; Hobbs, 2000) . Mushrooms also contain various biologically active compounds such as gallic acid, protocatechuic acid, chlorogenic acid, naringenin, hesperetin, and biochanin-A (Alam et al., 2008 (Alam et al., , 2010 . Lentinan stimulates various kinds of NK cell-, T cell-, B cell-, and macrophage-dependent immune reactivity. Of particular interest are extracts derived from various mushrooms, as they are known to modulate immune response and stress reduction on poultry (Dalloul et al., 2006; Lee et al., 2010) . Various studies have confirmed that the mushrooms can lower blood pressure and free cholesterol in plasma (Hobbs, 2000; Yoon et al., 2011) , as well as accelerate the accumulation of lipids in the liver by removing them from circulation, and can prevent cardiovascular disease (Guillamón et al., 2010) . Xu et al. (2008) reported that the administration of polysaccharides from L. edodes significantly reduced serum total cholesterol, triglyceride, low-density lipoprotein cholesterol, and enhanced serum antioxidant enzyme activity and thymus and liver index in high-fat rats.
Studies conducted in chickens have shown that polysaccharides derived from mushrooms show antibacterial (Guo et al., 2003; Hearst et al., 2009) , antiviral (Liu et al., 1999; Yu and Zhu, 2000) , and antiparasitic activities (Hu et al., 1998; Pang et al., 2000) . Giannenas et al. (2010a) reported that dietary mushroom supplementation at the level of 20 g/kg increased lactobacilli counts in the ileum and both lactobacilli and bifidobacteria counts in the cecum of broilers, although the intestinal morphology at either level of inclusion remained unaffected. Similarly, Willis et al. (2007) noted enhanced beneficial bifidobacteria production from L. edodes extracts given to broiler chickens. Guo et al. (2004) investigated several mushroom and herb polysaccharides, as alternatives for an antibiotic, on growth performance of broilers, and found L. edodes to be a significant growth promoter in broilers. Several recent studies highlighted that medicinal mushrooms can reduce lipid peroxidation during refrigerated storage of broiler meat (Giannenas et al., 2010b) and turkey meat (Giannenas et al., 2011) . In a layer experiment, Cho et al. (2010) concluded that fermented spent mushroom substrates could be used as a resource in laying hen feed at 5 to 15% without Hwang et al. 147 adversely affecting egg-related performance and egg quality.
There is scant information on the effects of mushrooms and their extracts on layer performance and egg quality characteristics. To address this shortcoming, this study evaluated the effects of shiitake mushroom on the eggrelated performance, egg quality, sensory evaluation, fatty acid composition, and cholesterol content of eggs in laying hens.
MATERIALS AND METHODS

Birds, feed, and experimental design
Fifty four, 22-week-old "Tetran Brown" layers were assigned to three dietary treatments in a completely randomized design with nine replicates per treatment. For this experiment, two layers were housed in one cage (cage dimensions, 24 × 38 × 45 cm) and considered as a replicate. The layers were acclimated for 1 week before the 8 week trial began. The three dietary treatments were control (basal diet without shiitake mushroom), and diets containing 0.25 and 0.5% shiitake mushroom. The basal diet was formulated (Table 1) to meet or exceed nutrient requirements of laying hens (NRC, 1994) . The shiitake strain used in the experiment was L. edodes KFRI 405, which was maintained at the Korea Forest Research Institute (KFRI), Seoul, Korea. All parts of the mushrooms were air-dried and then ground to a fine powder using an electric blender. The shiitake diets were prepared separately using the same ingredients as in the basal diet, but enriched with shiitake at 0.25 and 0.5% inclusion levels on a weight: weight ratio basis. The experimental diets and drinking water were supplied ad libitum. The room temperature was kept at 21 to 23°C and the light cycle consisted of 16 h of light (incandescent lighting, 10 lux) and 8 h of dark.
Measurements and analysis
Laying performance
All the eggs produced each day were manually collected each day at 5 pm and counted. All the eggs produced on a certain day of the week were weighed individually. The egg production rate, egg weight, egg mass, and feed conversion ratio (FCR) were determined on a weekly basis. Egg production rate was calculated by dividing the total number of eggs by hen-day and was expressed in percent on weekly basis. Egg weight was measured by an Adventurer AR2140 electronic scale (OHAUS, USA). Egg mass was calculated by multiplying the average egg weight by egg production rate. Feed conversion ratio was calculated by dividing feed intake by egg mass.
External and internal quality of eggs
Nine eggs (one egg per replicate, total 27 eggs) from each treatment were selected for external and internal quality measurement. The eggs were weighted first and then shape index was measured (ratio of width to length of egg). The same eggs were used for internal quality measurement. Shell thickness was measured by Peacock dial pipe gauge FHK (Ozaki, Meg. Co., Ltd, Japan, Japan) and is presented as the average thickness of three locations on the egg (air cell, equator and sharp end). For yolk color determination, egg albumen, eggshell, and shell membranes were removed from broken eggs and the egg yolk color was measured using a model CR-200 chromameter (Minolta, Japan). Haugh unit and albumen height were measured using a model EMT-5200 Multi Tester (Hikari Technology, Japan).
Sensory evaluation for boiled eggs
Nine eggs per treatment (total 27) produced at the end of the experimental periods were randomly selected for sensory evaluation tests. Ten trained panelists from the Department of Animal Science and Technology at Sunchon National University evaluated warm hard-boiled eggs after shelling and cutting them in half. Panelist score, on a 9-point scale (9, "like very much" to 1, "dislike very much) ranked the degree of preference concerning appearance, color, flavor, oily nature, and acceptability.
Fatty acid composition of egg yolk
The fatty acid composition of egg yolk was determined according to methyl ester extraction method with slight modification. Briefly, 1 g egg yolk was dissolved separately into 12 ml of Folch solution (chloroform: methanol, 2:1 v/v) and homogenized (9500 rpm) for 1 min and kept in ice for 10 s. The samples were flushed under a flow of nitrogen gas, filtered through Whatman No.1 filter paper, and kept at 4.5°C until it separated into two layers. After phase separation, the filtrate from the upper layer was collected in a syringe and added to 2.4 ml of 0.9% NaCl solution. The sample was centrifuged (3000 rpm, 15 to 20 min) and the bottom layer was collected into an ampoule. Each sample was dried under a flow of nitrogen and resuspended by the addition of three drops of benzene and 3 ml of 5% sulfuric acid methanol solution. Each sample was flushed under a flow of nitrogen and sealed. The sealed ampoules were heated in a water bath at 95°C for 45 min and cooled. After breaking the ampoules, 3 ml of 5% Na2CO3 (anhydrous) solution was added and vortexed. The fatty acid methyl ester was extracted three times with 3 ml of petroleum ether, dried with nitrogen, dissolved in 100 µl of petroleum ether, and 1 µl volumes were injected and analyzed by gas chromatography using a model DS 6200 apparatus (Donam, Korea). Fatty acids were identified by matching their retention times with those of their relative standards (polyunsaturated fatty acid (PUFA)-2; Supelco, USA) and the Food Composition Table ( NRLSI, 2002) .
Cholesterol concentration of egg yolk
Cholesterol concentration was determined as described previously (AOAC, 1984) . Briefly, approximately 1 g egg yolk, 500 μg of α-cholestane, and 15 ml water were homogenized with 200 ml of Folch solution (Chloroform: methanol, 2:1 v/v) and filtered. The filtrate was added to 50 ml of 0.5% sodium hydroxide. The sample was saponified at 85°C for 60 min with 10 ml of 2 M ethanolic potassium hydroxide solution (Adams et al., 1986) . After cooling to room temperature, cholesterol was extracted with 1 ml of hexane. The process was repeated four times. The hexane layers were transferred to a round-bottomed flask and dried under vacuum. The extract was redissolved in 1 ml of hexane and was stored at -20°C until analysis. Total cholesterol was determined on a silica fused capillary column (HP-5, 30 m × 0.32 mm I.D. × 0.25 μm thickness) using a Hewlett-Packard 5890A gas chromatography (Palo Alto, CA) equipped with a flame ionization detector. The injector and detector temperature was 280 and 280°C, respectively. The oven temperatures were programmed to advance from 200 to 300°C at 10°C/min, with a 20 min hold at 300°C. Nitrogen was used as a carrier gas at a flow rate of 2 ml/min with a split ratio of 1/50. Quantitation of cholesterol was done by comparing the peak areas with a response of an internal standard.
Statistical analyses
Data were analyzed using the general linear models of the SAS Institute (2003) to estimate variance components with a completely randomized design. Duncan's multiple comparison tests were used to examine significant differences among the treatment means. The level of significance was set at p<0.05.
RESULTS AND DISCUSSION
Laying performance
Dietary supplementation of shiitake mushroom had an effect on egg production of layers (Figure 1 ). Egg production were increased significantly (p<0.05) in shiitake groups compared to the control group. Egg weight, feed intake, egg mass, and FCR were not different (p>0.05) among the groups, although higher egg mass and better FCR were observed in the shiitake groups (Table 2) . Cho et al. (2010) conducted an experiment with 5 to 15% fermented spent mushroom substrate and found no effect on egg production, dissimilar with our results. However, the previous findings about egg weight, egg mass, and feed conversion was similar with our study. The hen day egg production of shiitake-fed hens in this study was 92.16 to 93.35%, which was higher than the previous observation by Ogbe et al. (2009) , who found 73.8% hen day egg production in Ganoderma mushroom-fed layers. Increased egg production was also reported by the supplementation of different green teas (Uuganbayar et al., 2006) and herbs (Awadein et al., 2010) . In contrast to our study, Uuganbayar et al. (2005) reported a decreased in egg weight and egg mass when layers were fed a 0.5% green tea supplemented diet. However, Park et al. (2010) found a linear increase in egg weight and egg mass, but a cubical affect on feed consumption and feed conversion, by dietary Epimedium koreanum supplementation. Data from previous studies summarized by Windisch et al. (2008) suggested that the effects of phytogenic products on production performance of poultry vary widely with respect to botanical origin, processing procedure, composition, as well as animal species, animal age, and environmental hygiene.
External and internal quality of eggs
The effects of shiitake mushroom on external and internal quality of eggs are summarized in Table 3 . Egg weight, shape index, and yolk color were not affected (p>0.05) by the dietary supplementation of shiitake. Shell thickness was decreased (p<0.05) in the shiitake 0.25% group and albumen height was increased (p<0.05) in the shiitake 0.5% group compared to the control group. The Hague unit was increased (p<0.05) in the shiitake groups, with a higher value evident with 0.5% supplementation. Cho et al. (2010) observed no significant difference in egg shell thickness and Haugh unit measurement, but a deep color was achieved in the fermented spent mushroom substrate group, contrary to our findings. In addition, Mužić et al. (2005) found that feed supplementation with L. edodes did not affect egg quality. In a similar study with green tea, Uuganbayar et al. (2005) reported that shell thickness was decreased by the addition of different levels (0.5 to 2.0%) of green tea. However, Park et al. (2010) found that yolk color was linearly increased by E. koreanum supplementation. We observed a higher albumen height and Haugh unit in the shiitake groups. The results agree with those of Yamane et al. (1999) and Biswas et al. (2000) , who reported that Japanese green tea inclusion in the layer diet improved the Haugh unit score of eggs. On the contrary, Deng et al. (2011) and Uuganbayar et al. (2006) reported no changes in albumen index and Haugh unit in alfalfa extract-and green tea-fed layer eggs. The improvement of Haugh unit score with shiitake feeding was accompanied by a greater albumen height and physical stability of egg albumen, as well as signs of good internal egg quality.
Sensory evaluation of eggs
Supplementation by shiitake did not exert any significant effect (p>0.05) on the sensory evaluation of eggs, although acceptability was higher in shiitake 0.25% group (Table 4) . Uuganbayar et al. (2005) reported a significant improvement of boiled egg appearance and color at 1.5% level of the green tea supplemented group, but they were decreased at 2.0% level. They also observed that flavor was increased at 1.0% level, but decreased at 2.0% level in the green tea supplemented group. Paguia et al. (2011) noted that Capsicum frutesecens could have influenced the acceptability score of eggs. Hayat et al. (2010) concluded that 10% flax seed in the layer diet resulted in production of eggs that are acceptable to health-and taste-conscious consumers. However, Leeson et al. (1998) reported that high (>10%) levels of flaxseed used in the layer's diet results in some decrease in overall egg acceptability as assessed by aroma and flavor. They suggested that these effects seem to be accentuated by the use of high levels of vitamin E in the layer's diet. Means with different superscripts in the same row represent significant difference at p<0.05 by Duncan's multiple range tests. SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; n-3 = total omega-3 fatty acid; n-6 = total omega-6 fatty acid.
Fatty acid composition and cholesterol concentration of egg yolk
Fatty acid composition of egg yolk was evaluated and the findings are summarized in Table 5 . Linoleic acid as well as PUFA and total n-6 content were significantly increased (p<0.05) in the shiitake 0.5% group compared to the shiitake 0.25% and control groups. Palmitoleic acid was increased significantly (p<0.05) in the control group than in the shiitake 0.5% group, whereas α-linolenic acid was decreased (p<0.05) in the shiitake 0.5% group compared to the other groups. Total cholesterol content of egg yolk decreased (p<0.05) significantly in the shiitake 0.5% group compared to the control group (Figure 2 ). The content of fatty acids in shiitake mushroom is 3.38% of the total lipids (Mizuno, 1995 (Mizuno, , 1996 , comprising 72.8% linoleic acid, 14.7% palmitic acid, 3.0% oleic acid, 1.6% tetradecenoic acid, 0.9% stearic acid and 0.1% myristic acid (Wasser, 2005) . The fatty acid pattern of mushroom affected the fatty acid composition of egg yolk in this study. We observed higher contents of linoleic acid, total n-6 fatty acid, and PUFA in the shiitake 0.5% group, reflecting the fact that shiitake contains 72.8% linoleic acid among the total fatty acids. However, these changes did not affect the n-6/n-3 ratio in egg yolk. The result coincides with the findings of Shimada et al. (2002) , who reported that the proportion of linoleic acid in microsomal and plasma phosphatidylcholine was increased when rats were fed L. edodes supplemented diets. In addition, Uuganbayar et al. (2005) reported that palmitoleic acid was decreased and linoleic acid was increased in a 1.5% green tea supplemented group. The use of edible mushrooms has been prescribed in oriental medicine due to their hypocholesterolemic effects (Sun et al., 2007) . Similar with our result, various studies (Kim et al., 2001; Yang et al. 2002; Yoon et al., 2011) have confirmed that shiitake mushrooms lower blood serum cholesterol levels in rats and support the use of the mushrooms as a natural cholesterol lowering substances in the diet. In contrast, Mužić et al. (2005) found no effect of L. edodes on the cholesterol content of egg yolk. In addition, Daneshmand et al. (2011) noted that oyster mushroom did not affect antibody response against total cholesterol concentration, but decreased the high-density lipoproteins concentration of plasma in broilers. However, Wasser et al. (1997) and Hobbs (2000) reported have shown that mushroom can lower blood pressure and free cholesterol in plasma, as well as accelerate the accumulation of lipids in the liver by removing them from circulation (Kabir and Kimura, 1989) . Uuganbayar et al. (2005) also reported that supplementation of 2% green tea powder decreased the cholesterol concentration of egg yolk compared to the antibiotic diet.
Eritadenine or lentinacin (or lentysine) is an adenosine analogue alkaloid or purine alkaloid [(2R,3R)-2,3-
dihydroxy-4-(9-adenyl)-butyric acid], which produces hypocholesterolemic effects in L. edodes (Chibata et al., 1969; Tokita et al., 1972) . In one study, lentinacin reduced cholesterol levels in rats by 25% after 7 days of oral administration in a dose as low as 0.005% of feed intake (Chibata et al., 1969) . The main cause of the hypocholesterolemic action of eritadenine seems to be associated with a modification of the hepatic phospholipid metabolism by inducing a phosphatylethanolamine Nmethyltransferase deficiency (Sugiyama et al., 1995) . Also, dietary eritadenine can alter the fatty acid and molecular profile of liver and plasma, suppressing themetabolic conversion of linoleic acid into arachidonic acid by decreasing the Δ6-desaturase activity (Shimada et al., 2002) , which can be affected through transcriptional regulation (Shimada et al., 2003) . The microsomal enzyme 3-hydroxy-3-methylglutarylcoenzymeA (HMG-CoA) reductase is the major rate-limiting enzyme in cholesterol biosynthesis, which converts HMG-CoA to mevalonate. Therefore, inhibiting HMG-CoA reductase decreases intracellular cholesterol biosynthesis (Steinberg et al., 1989) . Mevinolin is a pharmacological HMG-CoA reductase inhibitor; a high quantity has been found in mushroom fruiting bodies.
The fatty acid pattern of edible mushrooms seems to contribute to reduce serum cholesterol (Barros et al., 2007; Mauger et al., 2003) . The presence of trans isomers of unsaturated fatty acids is associated with the strongest effects on raising the serum total cholesterol to high-density lipoprotein ratio, increasing cardiovascular disease risk (Mauger et al., 2003; Sun et al., 2007) . The trans isomers of unsaturated fatty acids have not been detected in mushrooms (Barros et al., 2007) . The results of some reports suggest that the hypocholesterolemic effects of some fruiting bodies of edible mushroom could be attributed to the dietary fiber supply (Guillamón et al., 2010) . The soluble dietary fiber has shown healthy effects on serum lipid levels, reducing total cholesterol and low-density lipoprotein-cholesterol amounts (Erkkilä and Lichtenstein, 2006) . The formation of viscous gels from soluble dietary fiber such as glucans might contribute inhibition of cholesterol and triglycerol absorption (Ikeda et al., 1989; Marlett et al., 2002) .
Conclusion
The results indicate that the use of shiitake mushroom in the diet of layers has a positive effect on their egg production. Eggs of good quality can result from the addition of shiitake mushroom to the diet. The effective shiitake levels do not detrimentally affect the sensory properties of eggs. Fatty acid composition was improved and egg cholesterol concentration was reduced in the higher level of shiitake mushroom. It is suggested that shiitake could be use in layer diet up to 0.5%.
